An indirect immunodot assay with rabbit antibodies raised against purified heat-stable enterotoxin type b (STb) and with a Western blotting (immunoblotting) detection system (ECL; Amersham International plc, Amersham, United Kingdom) was developed for the detection of STb toxin. Culture supernatants of 62 Escherichia coli isolates from pigs with diarrhea were blotted onto nitrocellulose and incubated with anti-STb serum. The chemiluminescence produced by the action of horseradish peroxidase with luminol and H202 was recorded by exposure of X-ray film. Over 90% correlation was observed between the rat or pig intestinal ligated loop assay and a radioactive DNA probe and the ECL immunodot assay for the detection of STb. In addition, using this new and sensitive technique, we could detect STb in the feces of a newborn pig inoculated with an STb-producing E. coli strain. Detection of STb-producing E. coli in pigs with diarrhea will be greatly facilitated by the use of this convenient and rapid diagnostic assay.
Enterotoxigenic Escherichia coli causes diarrhea in newborn animals, travelers, and children in underdeveloped countries by its capacity to produce enterotoxins which have been classified on the basis of their heat stability (3, 14) . Heat-stable enterotoxin type b (STb, or ST-II) is methanol insoluble and induces intestinal secretion in neonatal pigs but does not affect infant mice (15) . The STb gene (estB) codes for a 71-amino-acid peptide, including a signal sequence, and is totally different from that coding for STa (9, 13) . The biochemistry and mode of action of STb are poorly understood because of the lack of a convenient toxin assay and the very low amount of toxin produced by wild-type strains.
Until recently, detection of STb has mostly been accomplished by the laborious, expensive, and poorly reproducible pig intestinal loop assay. More recently, a rat intestinal loop assay in the presence of trypsin inhibitor was reported (4, 16) . In vitro assays for the detection of estB (10, 11) , such as colony hybridization with nonisotopic probes and an STbspecific DNA amplification assay by use of the polymerase chain reaction, are useful for the diagnosis of STb-positive enterotoxigenic E. coli but do not ascertain the production of the STb toxin (10, 11) .
The enhanced chemiluminescence Western blotting (immunoblotting) detection system (ECL; Amersham International plc, Amersham, United Kingdom), a recently described rapid and highly sensitive nonisotopic method for the detection of proteins, appears to be more than 10 times as sensitive as colorimetric methods, thus allowing the detection of very low abundance proteins (1) . Use of STb-specific antibody in this system could improve and facilitate the quantitative detection of STb.
In this study we evaluated the ECL technique described here by using antibodies raised against purified STb to detect the production of STb toxin directly in culture supernatants, and we compared it with the standard bioassays and the colony hybridization assay by using a radioactive DNA probe.
* Corresponding author.
MATERIALS AND METHODS
Bacterial strains. Wild-type E. coli strains were isolated from pigs with diarrhea (Faculte de Medecine Veterinaire, St-Hyacinthe, Qudbec, Canada) (6) . The E. coli K-12 (pRASI) strain contained a multicopy recombinant plasmid carrying an STb toxin-encoding gene (9, 12) and was used as a positive control.
Biological assay. Detection of STb toxin was done by using the rat intestinal ligated loop assay as described previously (4, 6 ). Some isolates were tested by the pig intestinal ligated loop assay as described previously (6, 7) .
Colony hybridization assay. The probe used for the detection of the STb gene was derived from the recombinant plasmid pRASI (2, 12) and was used for the colony hybridization assay as described previously (2, 6, 12 a Toxin production was determined as described previously (6 STa-:LT-). The other pig received a similar number of bacteria of E. coli 87-4725 (045:K"E65":K88-:STb-:STa-: LT-). Sixteen hours later, the rectal contents of each pig were removed and kept at -70°C until analysis. For both pigs, 500 ,ul of rectal contents was mixed with 200 RI1 of phosphate-buffered saline (pH 7.4). After centrifugation at 15,000 x g for 5 min, the supernatant was dot blotted as described above for the other samples. In addition, for both pigs 5 p.l of rectal contents was inoculated into 5 ml of Trypticase soy broth and incubated as described above. Culture supernatants were then dot blotted.
RESULTS
A total of 62 E. coli isolates were tested for the production of STb toxin by the ECL immunodot assay ( Table 1) . The bioassay and the colony hybridization assay identified 42 isolates as STb positive. The ECL immunodot assay detected the presence of STb in culture supernatants of 40 of these 42 STb-positive isolates and did not detect STb in culture supernatants of 16 of the 20 STb-negative isolates. Thus, the correlation between the ECL immunodot assay and standard assays was over 90% (P < 0.0001, chi-square test).
Initially, STb production was not detected by the ECL immunodot assay in the culture supernatants of six STb probe-and bioassay-positive isolates of serogroups 08, 0115, 0149, and 0157. It has been shown that STb is sometimes not secreted but remains inside the bacterial cell (8) . Thus, these six isolates were lysed by sonication and retested by the ECL immunodot assay. Only one 0115 isolate and one 0149 isolate remained negative after lysis by sonication. Both isolates were negative for the production of other toxins. The four probe-and bioassay-negative, ECLpositive isolates belonged to serogroups 064, 0139, and 0149.
The pig inoculated with the STb-positive isolate had severe diarrhea 16 h after infection, while the other pig remained apparently healthy. The ECL immunodot assay detected STb toxin directly in the fecal material of the diarrheic pig but not in that of the control pig. The same result was obtained when supernatants of bacterial cultures from the feces of the pigs were used (Fig. 1) .
DISCUSSION
STb detection in culture supernatants of different E. coli isolates by the enhanced chemiluminescence reaction correlated well (P < 0.0001, chi-square test) with the results obtained by the standard assays. We found that most of the STb-positive isolates could be detected by examination of culture supernatants by the ECL immunodot assay. However, culture supernatants of six isolates identified as STb positive by using the radioactive DNA probe and the bioassay were negative by the ECL immunodot assay. It has been demonstrated that secretion of STb by enterotoxigenic E. coli does not always occur (8) . After lysis of cells by sonication, four of the six ECL immunodot assay-negative isolates were positive for STb by the immunodot method, thus indicating that STb was present in these isolates and that the toxin was probably not secreted efficiently. Thus, we suggest that isolates that are STb negative by ECL immunodot assay examination of culture supernatants should always be retested after cell lysis by sonication. The finding that the culture supernatants of these same four isolates were active in the bioassay could be explained by the greater amount of culture supernatant used in the bioassay and/or the greater sensitivity of the bioassay. The fact that two STb-positive isolates remained negative by the ECL immunodot assay could indicate that they produced less STb than the four other sonicated isolates did. Culture supernatants of four STb-negative isolates reacted with our STbspecific antibodies raised against purified toxin by the ECL immunodot technique. This nonspecific reaction could be due to the lack of specificity of the antiserum raised against the purified toxin. However, when these four isolates were tested by the ECL immunodot assay by using STb-specific antibodies raised against the P-galactosidase-STb fusion protein (adsorbed against P-galactosidase) (5) , the same results were obtained. The nonspecific reaction did not appear to be due to a cross-reaction with heat-labile enterotoxin, STa, or verotoxin. It could be inherent to the ECL immunodot technique or it could be due to the detection of another secreted toxin or cell product that is antigenically similar to STb.
In an experimental infection study, we detected STb in the fecal material from pigs inoculated with an STb-producing isolate. This observation indicates that the ECL immunodot technique could be used as an alternative method for the diagnosis of STb-positive enterotoxigenic E. coli in animal feces. This technique is inexpensive, extremely rapid, and simple to perform. In addition, it would not be necessary to isolate enterotoxigenic E. coli from feces for the identification of STb producers. The detection of STb-positive enterotoxigenic E. coli isolates will be greatly facilitated by the use of this convenient and rapid diagnostic assay. ACKNOWLEDGMENTS We thank C. Handl 
